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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a coating
thickness measuring device and a coating device includ-
ing the same, and more particularly, to a coating thick-
ness measuring device for accurately measuring the
thickness of a coating material applied on a substrate
and a coating device including the same.

[0002] The presentapplication claims the benefit of Ko-
rean Patent Application No. 10-2022-0053733 filed on
April 29, 2022 and Korean Patent Application No.
10-2023-0050350 filed on April 17, 2023 with the Korean
Intellectual Property Office, the disclosure of which is in-
corporated herein by reference in its entirety.

BACKGROUND ART

[0003] With the technology development and increas-
ing demand for mobile devices, the demand for second-
ary batteries as a source of energy is rapidly growing,
and secondary batteries essentially include an electrode
assembly which is a power generation element.

[0004] The electrode assembly may be formed into a
predetermined shape by applying an electrode active
material coating material to a positive electrode current
collector and a negative electrode current collector to
manufacture a positive electrode and a negative elec-
trode, stacking the positive electrode and the negative
electrode on two sides of a separator. After the electrode
assembly is received in a battery case, an electrolyte is
injected and the battery case is sealed to form a second-
ary battery.

[0005] Meanwhile, the separator that constitutes part
of the electrode assembly may be formed by applying
the coating material containing a mixture of a polymer
binder, a dispersant, heat resistant fillers or the like to
one or two surfaces of the substrate.

[0006] The conventional separator coating device in-
cludes a slot die to dispense the coating material and a
coating roll, and applies the coating material to one or
two surfaces of the substrate while rotating the coating
roll and dries the substrate coated with the coating ma-
terial.

[0007] The conventional separator coating device is
configured to measure the coating thickness of the coat-
ing material applied on the substrate using areplacement
sensor on and/or under the surface of the substrate pass-
ing between a coating roll and another coating roll (for
example, a guide roll).

[0008] However, the conventional separator coating
device has low accuracy of coating thickness measure-
ment of the coating material applied on the substrate due
to noise caused by vibration in the device and tempera-
ture of the coating material.

[0009] Additionally, the conventional separator coating
device implements substrate permeation using an iso-
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tope source by measuring the thickness of the substrate
before coating, applying the coating material to the sub-
strate, drying the substrate coated with the coating ma-
terial and measuring the dry density of the substrate. In
this case, since the thickness ofthe substrate coated with
the coating material is estimated using the measured dry
density of the substrate, it is difficult to accurately meas-
ure the actual coating thickness.

[0010] Moreover, in the case of the conventional sep-
arator coating device, the replacement sensor scans in
the widthwise direction (Transverse Direction (TD)) of
the substrate perpendicular to the lengthwise direction
(coating direction) of the substrate, and the average val-
ue of data obtained by the scans of the replacement sen-
sor is used, requiring a large amount of measurement
data, and making it difficult to accurately measure the
actual coating thickness.

DISCLOSURE

Technical Problem

[0011] The presentdisclosure is designed to solve the
above-described problem, and therefore the present dis-
closure is directed to providing a coating thickness meas-
uring device for accurately measuring the thickness of a
coating material applied on a substrate and a coating
device including the same.

[0012] However, the technical problem to be solved by
the present disclosure is not limited to the above-de-
scribed problem, and these and other problems will be
clearly understood by those skilled in the art from the
following description.

Technical Solution

[0013] A coating thickness measuring device accord-
ing to an aspect of the present disclosure is configured
to measure a thickness of a coating material applied to
a substrate which is fed by a coating roll on which the
substrate is rolled, and includes a coating thickness
measurement module, and the coating thickness meas-
urement module may include a light applying unit config-
ured to apply light to a surface of the coating material
applied to a portion of the substrate rolled on the coating
roll; a light acquisition unit configured to acquire light re-
flected from the surface of the coating material; and a
processor configured to calculate the thickness of the
coating material based on the acquired light.

[0014] Preferably, the coating thickness measurement
module may be configured to move in 3-axis directions
of the coating roll to apply the light to the portion of the
substrate rolled on the coating roll.

[0015] Preferably, the coating thickness measurement
module may be configured to measure the thickness of
the coating material applied to a portion of the substrate
contacting an outer surface of the coating roll.

[0016] Preferably, the coating thickness measurement
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module may be configured to measure the thickness of
the coating material applied to an end portion at which
the contact between the substrate and the coating roll is
maintained in the portion of the substrate rolled on the
coating roll.

[0017] Preferably, the coating thickness measurement
module may be configured to measure the thickness of
the coating material while it is located on a center line of
the coating roll passing through the end portion at which
the contact between the substrate and the coating roll is
maintained.

[0018] Preferably, a plurality of the coating thickness
measurement modules may be arranged in a lengthwise
direction of the coating roll, and a distance between the
plurality of coating thickness measurement modules may
be adjustable.

[0019] Preferably,the coating thickness measuring de-
vice may further include a position movement module
configured to move the coating thickness measurement
module with respect to the coating roll.

[0020] Preferably, the position movement module may
be coupled to a coating material coating device which
applies the coating material to the substrate, and the
coating thickness measurement module may be dis-
posed in the position movement module and configured
to move to the portion of the substrate rolled on the coat-
ing roll.

[0021] Preferably, the position movement module may
further include a first position movement unit configured
to move the coating thickness measurement module in
a lengthwise direction of the coating roll; and a guide unit
configured to guide the movement of the first position
movement unit in the lengthwise direction of the coating
roll.

[0022] Preferably, the guide unit may be coupled to a
coating material coating device which applies the coating
material to the substrate.

[0023] Preferably, the position movement module may
further include a second position movement unit coupled
to one side of the first position movement unit and con-
figured to move the coating thickness measurement
module in at least one direction of a horizontal direction
or a vertical direction of the coating roll perpendicular to
a lengthwise direction of the coating roll, and the coating
thickness measurement module may measure the thick-
ness of the coating material applied to the substrate at a
location to which the coating thickness measurement
module is moved by the second position movement unit.
[0024] Preferably, the position movement module may
further include a rotation actuation unit to rotate the coat-
ing thickness measurement module in a clockwise or
counterclockwise direction.

[0025] Preferably,the coating thickness measuringde-
vice may further include a temperature measurement
module configured to measure a temperature change of
the coating roll at a location of the coating roll on which
the substrate is rolled.

[0026] Preferably,the coating thickness measuringde-
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vice may further include a coating roll rotation detection
module coupled to an end of the coating material coating
device adjacent to the coating roll and configured to de-
tect one revolution the coating roll; and a vibration meas-
urement module configured to measure roundness of the
coating roll.

[0027] Preferably, the processor may be configured to
correct the thickness of the coating material applied to
the substrate using the measurement data acquired from
the coating thickness measuring device.

[0028] Additionally, a coating device according to an-
other aspect of the present disclosure includes the
above-described coating thickness measuring device;
and a coating material coating device configured to apply
the coating material to the substrate which is fed by the
coating roll on which the substrate is rolled.

Advantageous Effects

[0029] According to an aspect of the present disclo-
sure, it may be possible to improve the thickness meas-
urement accuracy of the coating material applied on the
substrate by minimizing the influence of shake of the sub-
strate when measuring the thickness of the coating ma-
terial.

[0030] Many other additional effects may be achieved
by many other embodiments of the present disclosure.
These effects of the present disclosure will be described
in detail in each embodiment, or description of effects
that can be easily understood by those skilled in the art
is omitted.

DESCRIPTION OF DRAWINGS

[0031]

FIG. 1 is a diagram showing the entire shape of a
coating device according to an embodiment of the
present disclosure.

FIG. 2 is a front view of a coating thickness meas-
uring device of the coating device of FIG. 1.

FIG. 3 is a side view of the coating thickness meas-
uring device shown in FIG. 1.

FIG. 4 is a partial top view of the coating thickness
measuring device shown in FIG. 1.

FIGS. 5 and 6 are diagrams showing a coating thick-
ness measurement module shown in FIG. 1 moving
with respect to a coating roll.

FIGS. 7 to 9 are diagrams showing a coating thick-
ness measurement module shown in FIG. 1 meas-
uring the thickness of a coating material applied to
a substrate.

FIGS. 10 and 11 are diagrams showing variations of
a location movement module according to an em-
bodiment of the present disclosure.

FIG. 12 is a diagram showing a coating thickness
measurement module shown in FIG. 11 measuring
the thickness of a coating material applied to a sub-
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strate.

FIG. 13 is a diagram showing the entire shape of a
coating device according to another embodiment of
the present disclosure.

FIG. 14 is a front view of a coating thickness meas-
uring device of the coating device of FIG. 13.

FIG. 15is a side view of the coating thickness meas-
uring device shown in FIG. 13.

FIG. 16 is a partial top view of the coating thickness
measuring device shown in FIG. 13.

FIGS. 17 and 18 are diagrams showing a coating
thickness measurement module shown in FIG. 13
moving with respect to a coating roll.

FIGS. 19to 21 are diagrams showing a coating thick-
ness measurement module shown in FIG. 13 meas-
uring the thickness of a coating material applied to
a substrate.

BEST MODE

[0032] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings. Prior to the descrip-
tion, it should be understood that the terms or words used
in the specification and the appended claims should not
be construed as limited to general and dictionary mean-
ings, but rather interpreted based on the meanings and
concepts corresponding to the technical aspect of the
present disclosure on the basis of the principle that the
inventor is allowed to define terms appropriately for the
best explanation.

[0033] Therefore, the embodiments described herein
and illustrations in the accompanying drawings are an
exemplary embodiment of the present disclosure to de-
scribe the technical aspect of the present disclosure and
are not intended to be limiting, and thus it should be un-
derstood that a variety of other equivalents and modifi-
cations could have been made thereto at the time that
the application was filed.

[0034] In the following description, a substrate B may
refer to a separator or an electrode plate (a positive elec-
trode plate or a negative electrode plate) of a secondary
battery. Additionally, for example, when the substrate B
is the separator, a coating material S may refer to ceramic
particles for forming a ceramic particle layer on the sur-
face of the separator, and when the substrate B is the
electrode plate (the positive electrode plate or the neg-
ative electrode plate), the coating material S may refer
to a positive electrode active material slurry or a negative
electrode active material slurry.

[0035] Meanwhile, the substrate is not necessarily lim-
ited to the separator or the electrode plate, or the coating
material is not necessarily limited to the ceramic particles
or the electrode active material slurry. That is, it is noted
that a coating device according to the present disclosure
may be used in the field of secondary battery technology
as well as a wide range of coating technology using a roll
to roll process.
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[0036] FIG. 1 is a diagram showing the entire shape
of the coating device 1 according to an embodiment of
the present disclosure, FIG. 2 is a front view of a coating
thickness measuring device 10 of the coating device 1
of FIG. 1, FIG. 3 is a side view of the coating thickness
measuring device 10 shown in FIG. 1, and FIG. 4 is a
partial top view of the coating thickness measuring device
10 shown in FIG. 1. In this instance, in FIGS. 1 and 2,
illustration of the coating material S and the substrate B
as described below is omitted.

[0037] Inanembodiment of the present disclosure, the
X axis direction shown in the drawing may refer to a hor-
izontal direction, the Y axis direction may refer to alength-
wise direction perpendicular to the X axis direction on a
horizontal plane (XY plane), and the Z axis direction may
refer to a vertical direction perpendicular to the X axis
direction and the Y axis direction.

[0038] Referring to FIGS. 1 to 4, the coating device 1
according to an embodiment of the present disclosure
may include the coating thickness measuring device 10
and a coating material coating device 20.

[0039] The coating thickness measuring device 10
may include a coating thickness measurement module
100.

[0040] The coating thickness measurement module
100 may be configured to measure the thickness of the
coating material S applied to the substrate B which is fed
by a rotating coating roll R on which the substrate B is
rolled. Additionally, the coating roll R may be formed in
a cylindrical shape. Here, the coating material S may be
dispensed from the coating material coating device 20
and continuously applied to the surface of the substrate
which is moved by the coating roll R on which the sub-
strate is rolled.

[0041] The coating thickness measurement module
100 may include a light applying unit 110, a light acqui-
sition unit 120 and a processor 130. In an example, the
coating thickness measurement module 100 may be a
noncontact laser replacement sensor, but is not limited
thereto. Specifically, the coating thickness measurement
module 100 may include a housing H, and the light ap-
plying unit 110, the light acquisition unit 120 and the proc-
essor 130 may be disposed in the housing H.

[0042] The light applying unit 110 may be configured
to apply light (for example, a laser) to the surface of the
coating material S applied to the substrate B. In an ex-
ample, the light applying unit 110 may include a light
source (not shown) inside the housing H and/or a trans-
parent lens configured to allow light from the light source
to pass through.

[0043] More specifically, the light applying unit 110
may be configured to apply light to the surface of the
coating material S applied to a portion of the substrate B
rolled on the coating roll R.

[0044] For example, in FIG. 3, the portion of the sub-
strate B rolled on the coating roll R may be a portion of
the substrate B located on the left side of the coating roll
R on the basis of a vertical center line L1 of the coating
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roll R.

[0045] Thelightacquisition unit 120 may be configured
to acquire light reflected from the surface of the coating
material S applied to the portion of the substrate B rolled
on the coating roll R. In an example, the light acquisition
unit 120 may include a light receiving lens and/or a light
receiving device configured to collect reflected light. In
this case, the light reflected from the surface of the coat-
ing material S and acquired through the light receiving
lens may be focused on the light receiving device (not
shown, for example, CMOS) inside the housing H.
[0046] The processor 130 may be configured to calcu-
late the thickness of the coating material S based on the
light acquired by the light acquisition unit 120.

[0047] By way of example, the processor 130 may ac-
quire a wavelength domain spectrum for an amplitude
ratio or a phase difference of light focused on the light
receiving device and measure the thickness of the coat-
ing material S using fast Fourier transform.

[0048] In addition to the coating roll on which the sub-
strate is rolled while the substrate is fed, the conventional
coating thickness measuring device further includes a
guide roll (not shown) to guide the movement of the sub-
strate in the coating direction. The conventional coating
thickness measuring device has low accuracy of thick-
ness measurement of the coating material due to shake
of the substrate surface due to a noise signal such as
vibration of the machine when measuring the thickness
of the coating material applied to the portion of the sub-
strate movingin air between the coating roll and the guide
roll.

[0049] Additionally, since the conventional coating
thickness measuring device acquires the thickness
measurement data of the coating material while moving
the replacement sensor in the widthwise direction of the
substrate perpendicular to the coating direction, it is dif-
ficult to accurately measure the thickness of the coating
material due to vibration caused by the movement of the
replacement sensor.

[0050] In contrast, the coating thickness measurement
module 100 of the present disclosure is configured to
measure the thickness of the coating material S applied
to the portion of the substrate B rolled on the coating roll
R with minimized shake of a target point for thickness
measurement, thereby improving the thickness meas-
urement accuracy of the coating material S.

[0051] Meanwhile, the coating material coating device
20 may apply the coating material S to the substrate B.
For example, the coating material coating device 20 may
be a slotdie that dispenses the coating material S through
an outlet formed in the shape of a slit. The coating ma-
terial coating device 20 may apply the coating material
S to the substrate B to form a coating layer (for example,
a wet film).

[0052] Additionally, the coating material coating device
20 may be connected to an external coating material sup-
ply chamber (not shown) to receive the coating material.
[0053] In the embodiment shown in FIGS. 1 to 3, the
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coating material coating device 20 may be disposed ad-
jacent to the side of the coating roll R to dispense the
coating material S towards the coating roll R. For exam-
ple, the coating material coating device 20 may be dis-
posed on a horizontal center line L2 of the coating roll R,
but is not limited thereto.

[0054] FIGS.5and 6 are diagrams showing the coating
thickness measuring device 10 shown in FIG. 1 moving
with respect to the coating roll R. Specifically, FIG. 5 is
a diagram showing the coating thickness measurement
module 100 moving in the lengthwise direction of the
coatingrollR, and FIG. 6 is adiagram showing the coating
thickness measurement module 100 moving in the hor-
izontal direction (+=X) and the vertical direction (=Z) of
the coating roll R.

[0055] Referringto FIG. 1 and FIGS. 5 and 6, the coat-
ing thickness measurement module 100 may be config-
ured to move in 3-axis directions with respect to the coat-
ing roll R to apply light to the portion of the substrate B
rolled on the coating roll R. Specifically, the coating thick-
ness measurement module 100 may be configured to
move in at least one direction of the lengthwise direction
(£Y), the horizontal direction (=X) or the vertical direc-
tion (£2Z) of the coating roll R.

[0056] The coating thickness measurement module
100 may measure the coating thickness of the substrate
B rolled on the coating roll R with less shake rather than
the portion of the substrate B moving in air, thereby im-
proving the thickness measurement accuracy of the coat-
ing material S.

[0057] FIGS. 7 to 9 are diagrams showing the coating
thickness measuring device 10 shown in FIG. 1 meas-
uring the thickness of the coating material S applied to
the substrate B. Specifically, FIG. 7 is a diagram showing
the coating thickness measurement module 100 located
at the right side on the basis of the vertical center line L1
of the coating roll R, FIG. 8 is a diagram showing the
coating thickness measurement module 100 located at
the left side on the basis of the vertical center line L1 of
the coating roll R, and FIG. 9 is a diagram showing the
coating thickness measurement module 100 measuring
the thickness of the coating material S applied to the por-
tion of the substrate B located on the center line of the
coating roll R.

[0058] Specifically, referringto FIGS. 7 to 9, the coating
thickness measurement module 100 may be configured
to measure the thickness of the coating material S applied
to the portion of the substrate B rolled on the coating roll
R as described above.

[0059] Bywayofexample, the coatingthickness meas-
urement module 100 may measure the thickness of the
coating material S applied to the substrate B when it is
located at the right side on the basis of the vertical center
line L1 of the coating roll R as shown in FIG. 7.

[0060] Alternatively, the coating thickness measure-
ment module 100 may measure the thickness of the coat-
ing material S applied to the substrate B wheniitis located
at the left side on the basis of the vertical center line L1
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of the coating roll R as shown in FIG. 8.

[0061] In this instance, the substrate B located at the
left side on the basis of the vertical center line L1 of the
coating roll R may be rolled in close contact with the outer
surface of the coating roll R. More specifically, the sub-
strate B located at the left side on the basis of the vertical
center line L1 of the coating roll R may come into close
contact with the outer surface of the coating roll R be-
tween the upper end and the lower end of the coating roll
R on the basis of the horizontal center line L2 of the coat-
ing roll R.

[0062] In this case, as shown in FIG. 8, the coating
thickness measurement module 100 may be configured
to measure the thickness of the coating material S applied
to the portion the substrate B contacting the outer surface
ofthe coating roll R. Inthis instance, the coating thickness
measurementmodule 100 may be configured to measure
the thickness of the coating material S applied to the sub-
strate B in close contact with the outer surface of the
coating roll R from a point at which the coating material
coating device 20 starts applying the coating material S
to the upper end of the coating roll R.

[0063] InFIG.8, anarea ofthe substrate B coated with
the coating material S of which the thickness is to be
measured by the coating thickness measurement mod-
ule 100 may be indicated by C1 in FIG. 8. That is, the
area of the substrate B indicated by C1 in FIG. 8 may be
the portion of the substrate B in close contact with the
outer surface of the coating roll R from the point at which
the coating material coating device 20 starts applying the
coating material Sl to the upper end of the coating roll R.
[0064] Additionally, the coating thickness measure-
ment module 100 may move in at least one direction of
the horizontal direction or the vertical direction of the coat-
ing roll R and then fix the position to measure the thick-
ness of the coating material S applied to the portion of
the substrate B in direct contact with the outer surface of
the coating roll R among the entire area of the substrate B.
[0065] Accordingly, the coating thickness measure-
mentmodule 100 may measure the thickness of the coat-
ing material S more accurately at the thickness meas-
urement location with further minimized shake of the sub-
strate B.

[0066] Meanwhile, in the case where the coating roll
Ris cylindrical, even though the substrate B contacts the
outer surface of the coating roll R, when light is applied
from the light applying unit 110 to the surface of the coat-
ing material S corresponding to a location having a high
degree of bend of the substrate B rolled on the coating
roll R, the resolution of light acquired through the light
acquisition unit 120 may be low.

[0067] Preferably, the coating thickness measurement
module 100 may be configured to measure the thickness
of the coating material S of the end portion A1 at which
the contact between the substrate B and the coating roll
R is maintained in the portion of the substrate B rolled
on the coating roll R.

[0068] More specifically, as shown in (a) of FIG. 9,
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whenitislocated at the left side on the basis of the vertical
center line L1 of the coating roll R, the coating thickness
measurement module 100 may measure the thickness
of the coating material S applied to the surface of the
substrate B located on the vertical center line L1 of the
coating roll R in the end portion A1 at which the contact
between the substrate B and the coating roll R is main-
tained.

[0069] Inthisinstance, whenitislocated at the left side
on the basis of the vertical center line L1 of the coating
roll R, the light applying unit 110 may apply light to the
surface of the coating material S applied to the portion
A1 of the substrate B located on the vertical center line
L1 of the coating roll R, and the light acquisition unit 120
may acquire light reflected from the surface of the coating
material S applied to the portion A1 of the substrate B
located on the vertical center line L1 of the coating roll R .
[0070] Alternatively, as shown in (b) of FIG. 9, when it
is located at the right side on the basis of the vertical
center line L1 of the coating roll R, the coating thickness
measurement module 100 may measure the thickness
of the coating material S applied to the surface of the
substrate B located on the vertical center line L1 of the
coating roll R in the end portion A1 at which the contact
between the substrate B and the coating roll R is main-
tained.

[0071] In this instance, when it is located at the right
side on the basis of the vertical center line L1 of the coat-
ing roll R, the light applying unit 110 may apply light to
the surface of the coating material S applied to the portion
A1 of the substrate B located on the vertical center line
L1 of the coating roll R. Additionally, the light acquisition
unit 120 may acquire light reflected from the surface of
the coating material S applied to the portion A1 of the
substrate B located on the vertical center line L1 of the
coating roll R.

[0072] Accordingly, the coating thickness measure-
ment module 100 may measure the thickness of the coat-
ing material S more accurately by measuring the thick-
ness of the coating material S applied to the portion of
the substrate B located on the center line of the coating
roll R atwhich the degree of bend of the substrate B rolled
on the coating roll R is minimum.

[0073] As described above, the coating thickness
measurement module 100 may be configured to apply
light to the surface of the coating material S through the
light applying unit 110, and acquire light reflected from
the surface of the coating material S through the light
acquisition unit 120. Accordingly, as the incident angle
of light applied to the surface of the coating material S
and the reflection angle of light reflected from the surface
of the coating material S is lower, the coating thickness
measurement module 100 may increase the resolution
of light acquired through the light acquisition unit 120,
thereby improving the thickness measurement accuracy
of the coating material S.

[0074] Referring to (c) of FIG. 9, when it is located on
the center line (for example, the vertical center line L1)
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of the coating roll R passing through the end portion at
which the contact between the substrate and the coating
roll is maintained, the coating thickness measurement
module 100 may be configured to measure the thickness
of the coating material S applied to the portion of the
substrate B located on the center line of the coating roll
R (for example, the portion A1 of the substrate B located
on the vertical center line L1 of the coating roll R).
[0075] In this case, the coating thickness measure-
ment module 100 may not only measure the thickness
of the coating material S coated on the portion of the
substrate B located on the center line of the coating roll
R at which the degree of bend of the substrate B rolled
on the coating roll R is minimum, but also minimize the
incidentangle of light applied to the surface of the coating
material S and the reflection angle of light reflected from
the surface of the coating material S, thereby measuring
the thickness of the coating material S more accurately.
[0076] As described above, the coating thickness
measurement module 100 may move in at least one di-
rection of the horizontal direction or the vertical direction
of the coating roll R and fix the position to measure the
thickness of the coating material S applied to the portion
of the substrate B contacting the outer surface of the
coating roll R. In this instance, when a plurality of the
coating thickness measurement modules 100 is ar-
ranged, it may be possible to accurately measure the
thickness of the coating material S in the widthwise di-
rection ofthe substrate B which is the lengthwise direction
of the coating roll R.

[0077] Inanembodiment, the plurality of coating thick-
ness measurement modules 100 may be arranged in the
lengthwise direction of the coating roll R.

[0078] In this instance, the distance between the plu-
rality of coating thickness measurement modules 100
may be adjusted. More specifically, the distance between
the plurality of coating thickness measurement modules
100 may be adjusted in the lengthwise direction (Y axis
direction) of the coating roll R. Inan example, the distance
between the plurality of coating thickness measurement
modules 100 may be adjusted according to the widthwise
length of the substrate B.

[0079] By the exemplary configuration of the present
disclosure, it may be also possible to rapidly measure
the thickness of the coating material S in the widthwise
direction of the substrate B (the lengthwise direction of
the coating roll R). Additionally, it may be possible to
measure whether coating is uniform in the widthwise di-
rection of the substrate B, thereby further improving the
thickness measurement accuracy of the coating material
S.

[0080] The coating thickness measuring device 10
may further include a position movement module 200.
[0081] The position movement module 200 may be
configured to move the coating thickness measurement
module 100 with respect to the coating roll R. In this in-
stance, the position movement module 200 may be dis-
posed on the bottom surface of the work area. Although
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not shown, the position movement module 200 may be
disposed in a frame connected to the rotation axis of the
coating roll R, or a support configuration disposed on the
bottom surface of the work area.

[0082] More specifically, the position movement mod-
ule 200 is a structure including a plurality of actuators,
and may be configured to move the coating thickness
measurement module 100 in at least one direction of the
lengthwise direction, the horizontal direction or the ver-
tical direction of the coating roll R.

[0083] Accordingly, the coating thickness measure-
ment module 100 may measure the thickness of the coat-
ing material S at the portion of the substrate B rolled on
the coating roll R more easily. Additionally, by the position
movement module 200, the coating thickness measure-
ment module 100 may move to the location of the sub-
strate B having high thickness measurement accuracy
of the coating material S and various locations of the
coating material S applied to the substrate B.

[0084] In particular, the position movement module
200 may be coupled to the coating material coating de-
vice 20 which applies the coating material S to the sub-
strate B as shown in FIGS. 1 to 3. In this instance, the
position movement module 200 may be integrally cou-
pled onto the coating material coating device 20.
[0085] Additionally, the coating thickness measure-
ment module 100 may be disposed in the position move-
ment module 200 and configured to move to the portion
of the substrate B rolled on the coating roll R.

[0086] As described above, since the position move-
ment module 200 is coupled to the coating material coat-
ing device 20 disposed adjacent to the coating roll R, it
may be possible to move the coating thickness meas-
urement module 100 to the portion of the substrate B
rolled on the coating roll R more easily.

[0087] Additionally, since the position movement mod-
ule 200 may be disposed more adjacent to the coating
roll R, it may be possible to further reduce the workload
of the position movement module 200. Accordingly, it
may be possible to minimize the reduction in thickness
measurement accuracy of the coating material S due to
vibration occurring by the operation of the position move-
ment module 200.

[0088] Inanembodiment,the position movement mod-
ule 200 may include a first position movement unit 210
and a guide unit 220.

[0089] The first position movement unit 210 may be
configured to move the coating thickness measurement
module 100 in the lengthwise direction (=Y) of the coat-
ing roll R.

[0090] The guide unit 220 may be configured to guide
the movement of the first position movement unit 210 in
the lengthwise direction of the coating roll R. In an ex-
ample, the guide unit 220 may be a linear motion guide
(LM guide), and may be extended in the lengthwise di-
rection of the coating roll R. In this instance, the guide
unit 220 may be disposed on the bottom surface of the
work area.
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[0091] By the exemplary configuration, it may be pos-
sible to achieve more stable movements of the position
movement module 200 in the lengthwise direction of the
coating roll R. Accordingly, it may be possible to minimize
the reduction in thickness measurement accuracy of the
coating material S due to vibration occurring by the op-
eration of the position movement module 200. Addition-
ally, itmay be possible to achieve more stable adjustment
of the distance between the plurality of coating thickness
measurement modules 100 in the lengthwise direction
of the coating roll R.

[0092] In particular, the guide unit 220 may be coupled
to the coating material coating device 20. In this instance,
the guide unit 220 may be integrally coupled onto the
coating material coating device 20.

[0093] By the exemplary configuration, since the guide
unit 220 is coupled to the coating material coating device
20 disposed adjacent to the coating roll R, it may be pos-
sible to move the coating thickness measurement mod-
ule 100 to the portion of the substrate B rolled on the
coating roll R more easily.

[0094] Additionally, since the guide unit 220 may be
disposed more adjacent to the coating roll R, it may be
possible to further reduce the workload of the position
movement module 200 in the horizontal direction and the
vertical direction of the coating roll R. Accordingly, it may
be possible to minimize the reduction in thickness meas-
urement accuracy of the coating material S due to vibra-
tion occurring by the operation of the position movement
module 200.

[0095] Inanembodiment, the position movement mod-
ule 200 may further include a second position movement
unit 230.

[0096] The second position movement unit 230 may
be coupled to one side (for example, the upper side) of
the first position movement unit 210. Additionally, the
second position movement unit 230 may be configured
to move the coating thickness measurement module 100
in at least one direction of the horizontal direction (+X)
or the vertical direction (*+2Z) of the coating roll R perpen-
dicular to the lengthwise direction (£Y) of the coating roll
R.

[0097] More specifically, the second position move-
ment unit 230 may include a horizontal direction move-
ment unit 232, a vertical direction movement unit 234 and
a support bracket 236.

[0098] The horizontal direction movement unit 232
may move the coating thickness measurement module
100 in the horizontal direction of the coating roll R. In this
instance, the horizontal direction movement unit 232 may
be coupled to one side (for example, the upper side) of
the first position movement unit 210. In an example, the
horizontal direction movement unit 232 may be an actu-
ator that operates by a motor (not shown).

[0099] The vertical direction movement unit 234 may
move the coating thickness measurement module 100
in the vertical direction of the coating roll R. In this in-
stance, the vertical direction movement unit 234 may be
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coupled to one side (for example, the upper side) of the
horizontal direction movement unit 232. In an example,
the vertical direction movement unit 234 may be an ac-
tuator that operates by a motor (not shown).

[0100] The support bracket 236 may be disposed in
the vertical direction movement unit 234, and the support
bracket 236 may be disposed in the coating thickness
measurement module 100.

[0101] Additionally, the coating thickness measure-
ment module 100 may be configured to measure the
thickness of the coating material S applied to the sub-
strate B at the location to which the coating thickness
measurement module 100 is moved by the second po-
sition movement unit 230.

[0102] That is, the coating thickness measurement
module 100 may move in at least one direction of the
horizontal direction or the vertical direction of the coating
roll R by the second position movement unit 230. In par-
ticular, the coating thickness measurement module 100
may move in at least one direction of the horizontal di-
rection or the vertical direction of the coating roll R and
fix the position to measure the thickness of the coating
material S applied to the portion of the substrate B rolled
on the coating roll R.

[0103] Since the coating thickness measurement mod-
ule 100 is configured to measure the thickness of the
coating material S in the fixed state at the thickness
measurement location with minimized shakes of the sub-
strate B, it may be possible to measure the thickness of
the coating material S more accurately.

[0104] FIGS. 10 and 11 are diagrams showing varia-
tions of the position movement module of the present
disclosure, and FIG. 12 is a diagram showing the coating
thickness measurement module shown in FIG. 11 meas-
uring the thickness of the coating material applied to the
substrate.

[0105] When compared with the position movement
module of the above-described embodiment, the position
movement module 200’ shown in FIGS. 10 and 11 may
further include a rotation actuation unit 238 to rotate the
coating thickness measurement module 100 in the clock-
wise or counterclockwise direction.

[0106] Thatis, the position movement module 200 ac-
cording to the above-described embodiment is config-
ured to move the coating thickness measurementmodule
100 in 3-axis directions with respect to the coating roll R,
while the position movement module 200’ according to
this variation further includes the rotation actuation unit
238, and may not only move but also rotate the coating
thickness measurement module 100 in 3-axis directions.
Accordingly, by the position movement module 200’ ac-
cording to the variation, it may be possible to set the
measurement location of the coating thickness measure-
ment module 100 with respect to the substrate B rolled
on the cylindrical coating roll R more efficiently and ac-
curately.

[0107] The rotation actuation unit 238 may be fixedly
coupled to the support bracket 236 as shown in FIG. 10,
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and may be connected to the housing H of the coating
thickness measurement module 100. Additionally, the ro-
tation actuation unit 238 may include, for example, a gear
box, a rotation shaft, a gear, a servo motor (not shown)
or the like, and may be configured to rotate the housing
H in the forward and backward direction by forward and
backward rotation of the servo motor. However, the
scope of protection of the present disclosure is not limited
thereto. The rotation actuation unit 238 may include any
configuration having a mechanical mechanism for rotat-
ing the coating thickness measurement module in the
forward and backward direction.

[0108] By the position movement module 200’ includ-
ing the rotation actuation unit 238, since the angle of the
coating thickness measurement module 100 may be ad-
justed when measuring the thickness of the coating ma-
terial S applied to the portion in direct contact with the
outer surface of the coating roll R, it may be possible to
minimize the incident angle of light applied to the surface
of the coating material S and the reflection angle of light
reflected from the surface of the coating material S, there-
by measuring the thickness of the coating material S
more accurately.

[0109] In addition, in FIG. 6, the substrate feed direc-
tion D1 before coating and the substrate transport direc-
tion D2 after coating may change as indicated by ‘D3’
and 'D4’ in FIG. 10 according to the relative positional
relationship between the coating roll R and the guide roll
(not shown).

[0110] In this case, the area of the substrate B coated
with the coating material S of which the thickness is to
be measured by the coating thickness measurement
module 100 may be indicated by C1’ in FIG. 10. In this
instance, the end portion A1’ at which the contact be-
tween the substrate B and the coating roll R is maintained
is a location after rotation in the counterclockwise direc-
tion at a predetermined angle 6 on the basis of the vertical
center line L1 of the coating roll R.

[0111] However, in the above-described case, the
coating thickness measurement module 100 according
to the above-described embodiment always faces down-
wards, and thus it is difficult to accurately apply light from
the direction facing the thickness measurementpointA1’.
However, according to this variation, the coating thick-
ness measurementmodule 100in the condition as shown
in FIG. 10 may rotate in the counterclockwise direction
by the predetermined angle 6 as shown in FIG. 11 by the
operation of the rotation actuation unit 238. Additionally,
as shownin FIG. 12, light may be applied to the thickness
measurement point A1’ of the coating material S through
the light applying unit 110, and light reflected from the
thickness measurement point A1’ of the coating material
S may be acquired through the light acquisition unit 120.
According to this variation, it may be possible to measure
the thickness of the coating material S applied to the por-
tion of the substrate B rolled on the coating roll R more
accurately.

[0112] Meanwhile, the coating roll R may include a
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heater (not shown)to heat the outer surface of the coating
roll R to uniformly apply the coating material S to the
substrate B. When the temperature of the outer surface
of the coating roll R changes by the heater, an error may
occur in the thickness measurement value of the coating
material S.

[0113] Referring back to FIG. 4, the coating thickness
measuring device 10 may further include a temperature
measurement module 300.

[0114] The temperature measurement module 300
may be configured to measure temperature changes of
the coating roll R at the location of the coating roll R on
which the substrate B is rolled. In an example, the tem-
perature measurement module 300 may be an ultraviolet
temperature sensor, and may be disposed in the support
bracket 236.

[0115] Specifically, the temperature measurement
module 300 may be disposed in the support bracket 236
to measure the temperature change value of the coating
roll R of an area corresponding to the same location as
the location of the coating material S of which the thick-
ness is to be measured by the coating thickness meas-
urement module 100. Additionally, the temperature
measurement module 300 may measure the tempera-
ture change value of the coating roll R simultaneously
with the thickness measurement of the coating material
S applied to the substrate B by the coating thickness
measurement module 100.

[0116] The processor 130 may correct the thickness
value of the coating material S measured by the coating
thickness measurement module 100 using the tempera-
ture change value of the coating roll R measured by the
temperature measurement module 300.

[0117] By the exemplary configuration of the present
disclosure, it may be possible to measure temperature
changes of the coating roll R of the area corresponding
to the same location as the location of the coating material
S of which the thickness is measured by the coating thick-
ness measurement module 100 simultaneously with the
thickness measurement of the coating material S by the
coating thickness measurement module 100, thereby
measuring the thickness of the coating material S in real
time and correcting it.

[0118] In particular, since the temperature measure-
ment module 300 may be disposed in the supportbracket
236 in which the coating thickness measurement module
100 is disposed, the coating thickness measurement
module 100 and the temperature measurement module
300 may be disposed adjacent to each other, thereby
measuring the thickness of the coating material S in real
time and easily correct it.

[0119] Additionally, since the temperature measure-
ment module 300 is disposed in the support bracket 236,
it may be possible to measure temperature changes of
the coating roll R more stably under the minimized influ-
ence of vibration.

[0120] Referringbackto FIGS. 1to 6, the coating thick-
ness measuring device 10 may further include a coating
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roll rotation detection module 400 and a vibration meas-
urement module 500.

[0121] The coating roll rotation detection module 400
and the vibration measurement module 500 may be dis-
posed in the coating material coating device 20.

[0122] The coating roll rotation detection module 400
may be coupled to the end of the coating material coating
device 20 adjacent to the coating roll R and configured
to detect one revolution of the coating roll R. In an exam-
ple, the coating roll rotation detection module 400 may
be a rotary encoder. By way of example, the coating roll
rotation detection module 400 may detect one revolution
of the coating roll R based on the rotation direction and
rotation speed of the coating roll R.

[0123] The vibration measurement module 500 may
be configured to measure the roundness of the coating
roll R. In an example, the vibration measurement module
500 may be a vibration sensor. By way of example, the
vibration measurement module 500 may measure the
unique vibrational frequency of the coating roll R.
[0124] By way ofexample, the processor 130 may gen-
erate a virtual memory zone including a plurality of mem-
ory areas by dividing one revolution of the coating roll R
detected by the coating roll rotation detection module
400. In this instance, the processor 130 may store the
measured roundness value of the coating roll R in the
virtual memory zone. That is, the processor 130 may
store the roundness value of the coating roll R corre-
sponding to the corresponding location for each of the
plurality of memory areas corresponding to divisions of
one revolution of the coating roll R.

[0125] Additionally, the processor 130 may correct the
thickness value of the coating material S measured by
the coating thickness measurement module 100 using
the roundness value of the coating roll R stored in the
virtual memory zone.

[0126] By the exemplary configuration of the present
disclosure, since the coating roll rotation detection mod-
ule 400 is coupled to the end of the coating material coat-
ing device 20, itmay be possible to accurately detect one
revolution of the coating roll R, and since the vibration
measurement module 500 is disposed in the coating ma-
terial coating device 20, it may be possible to accurately
measure the roundness of the coating roll R. Accordingly,
it may be possible to correct the thickness of the coating
material S more accurately.

[0127] Referringbackto FIGS. 1to 6, the coating thick-
ness measuring device 10 may further include a coating
detection module 600.

[0128] The coating detection module 600 may be con-
figured to detect whether the coating material S has been
applied to the substrate B. In an example, the coating
detection module 600 may be a photoelectric sensor, and
may be disposed in the support bracket 236.

[0129] Thatis, since the coating detection module 600
is disposed in the support bracket 236, the coating de-
tection module 600 may measure whether the coating
material S has been applied to the substrate B more sta-
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bly under the minimized influence of vibration.

[0130] The position movement module 200 may be
configured to control the position of the coating thickness
measurement module 100 in response to the detection
of the coating material S applied to the substrate B by
the coating detection module 600. That is, by the exem-
plary configuration of the present disclosure, it may be
possible to measure the thickness of the coating material
S in real time by the coating thickness measurement
module 100 simultaneously with the detection of the coat-
ing material S applied to the substrate B by the coating
detection module 600.

[0131] The processor 130 may be configuredto correct
the thickness of the coating material S applied to the sub-
strate B using the measurement data acquired from the
coating thickness measuring device 10. In this instance,
the measurement data acquired from the coating thick-
ness measuring device 10 may include the thickness da-
ta of the coating material S measured by the coating thick-
ness measurementmodule 100, the temperature change
value of the coating roll R measured by the temperature
measurement module 300 and the roundness value of
the coating roll R measured by the vibration measure-
ment module 500.

[0132] That is, the processor 130 may be configured
to finally determine the thickness of the coating material
S applied to the substrate B through the correction using
the measurement data acquired from the coating thick-
ness measuring device 10.

[0133] As described above, according to an embodi-
ment of the present disclosure, it is possible to improve
the thickness measurement accuracy of the coating ma-
terial S applied to the substrate B by minimizing the in-
fluence of shake of the substrate B on the thickness
measurement of the coating material S.

[0134] Additionally, since the temperature changes
and roundness of the coating roll R are measured, and
the measured thickness of the coating material S is de-
termined by correcting the measured thickness value of
the coating material S using the same, it may be possible
to measure the thickness the coating material S more
accurately.

[0135] FIG. 13 is a diagram showing the entire shape
of a coating device 2 according to another embodiment
of the present disclosure, FIG. 14 is a front view of a
coating thickness measuring device 12 of the coating de-
vice 2 of FIG. 13, FIG. 15 is a side view of the coating
thickness measuring device 12 shown in FIG. 13, and
FIG. 16is a partial top view of the coating thickness meas-
uring device 12 shown in FIG. 13.

[0136] The coating device 2 according to another em-
bodiment of the present disclosure is shown. The coating
device 2 according to this embodiment is similar to the
coating device 1 of the previous embodiment, and in the
description of the components that are substantially iden-
tical or similar to the previous embodiment, redundant
description is omitted and difference(s) between this em-
bodiment and the previous embodiment will be described
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below.

[0137] Referring to FIGS. 13 to 16, the coating device
2 according to another embodiment of the present dis-
closure may include the coating thickness measuring de-
vice 12 and a coating material coating device 22.
[0138] The coating thickness measuring device 12
may include the coating thickness measurement module
100 and the position movement module 200.

[0139] The coating thickness measurement module
100 may be configured to measure the thickness of the
coating material S applied to the substrate B which is fed
by the coating roll R on which the substrate B is rolled.
The coating thickness measurement module 100 may
include the light applying unit 110, the light acquisition
unit 120 and the processor 130.

[0140] The light applying unit 110 may be configured
to apply light to the surface of the coating material S ap-
plied to a portion of the substrate B rolled on the coating
roll R. In the coating thickness measuring device 12 ac-
cording to this embodiment, the portion of the substrate
B rolled on the coating roll R may refer to a portion of the
substrate B located between the upper end and the lower
end of the coating roll R on the basis of the horizontal
center line L2 of the coating roll R.

[0141] The coating material coating device 22 may ap-
ply the coating material S to the substrate B. In the coating
thickness measuring device 12 according to this embod-
iment, the coating material coating device 22 may be
disposed on the vertical center line L1 of the coating roll
R. That is, the coating material coating device 22 may
be disposed under the coating roll R.

[0142] Additionally, the position movement module
200 may be integrally coupled to the coating material
coating device 22 in the horizontal direction of the coating
roll R. Additionally, the guide unit 220 of the position
movement module 200 may be integrally coupled to the
coating material coating device 22 in the horizontal di-
rection of the coating roll R.

[0143] FIGS. 17 and 18 are diagrams showing the
coating thickness measuring device 12 shown in FIG. 13
moving with respect to the coating roll R. Specifically,
FIG. 17 is adiagram showing the coating thickness meas-
urement module 100 moving in the lengthwise direction
of the coating roll R, and FIG. 18 is a diagram showing
the coating thickness measurement module 100 moving
in the horizontal direction and the vertical direction of the
coating roll R.

[0144] Referring to FIGS. 13 to 18, in the same way
as the previous embodiment, the coating thickness
measurementmodule 100 of the coating thickness meas-
uring device 12 according to this embodiment may move
in at least one direction of the horizontal direction or the
vertical direction of the coating roll R to apply light to the
portion of the substrate B rolled on the coating roll R.
Accordingly, itmay be possible to measure the thickness
of the coating material S more accurately at the thickness
measurement location with minimized shake of the sub-
strate B. Additionally, the coating thickness measure-
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ment module 100 may be configured to move in the
lengthwise direction of the coating roll R which is the
widthwise direction of the substrate B.

[0145] FIGS. 19 to 21 are diagrams showing the coat-
ing thickness measuring device 12 shown in FIG. 13
measuring the thickness of the coating material S applied
to the substrate B. Specifically, FIG. 19 is a diagram
showing the coating thickness measurement module 100
located at the upper side on the basis of the horizontal
center line L2 of the coating roll R, FIG. 20 is a diagram
showing the coating thickness measurement module 100
located at the lower side on the basis of the horizontal
center line L2 of the coating roll R, and FIG. 21 is a dia-
gram showing the coating thickness measurement mod-
ule 100 measuring the thickness of the coating material
S applied to the portion of the substrate B located on the
center line of the coating roll R.

[0146] Referring to FIG. 19, in the coating thickness
measuring device 12 according to this embodiment, the
coating thickness measurement module 100 may meas-
ure the thickness of the coating material S applied to the
substrate B when it is located at the upper side on the
basis of the horizontal center line L2 of the coating roll R.
[0147] Alternatively, the coating thickness measure-
ment module 100 may measure the thickness of the coat-
ing material S applied to the substrate B wheniitis located
at the lower side on the basis of the horizontal center line
L2 of the coating roll R as shown in FIG. 20.

[0148] In this instance, the substrate B located at the
lower side on the basis of the horizontal center line L2 of
the coating roll R may be rolled in close contact with the
outer surface of the coating roll R. More specifically, the
substrate B located at the lower side on the basis of the
horizontal center line L2 of the coating roll R may come
into close contact with the outer surface of the coating
roll R between the vertical center line L1 of the coating
roll R and the left end of the coating roll R.

[0149] Thatis, as shown in FIG. 20, the coating thick-
ness measurement module 100 may be configured to
measure the thickness of the coating material S applied
to the portion of the substrate B contacting the outer sur-
face of the coating roll R. In this instance, the coating
thickness measurement module 100 may be configured
to measure the thickness of the coating material S applied
to the substrate B in close contact with the outer surface
of the coating roll R from a point at which the coating
material coating device 22 starts applying the coating
material S to the left end of the coating roll R. Specifically,
in FIG. 20, an area of the substrate B coated with the
coating material S of which the thickness is to be meas-
ured by the coating thickness measurement module 100
may beindicated by’C2’. Thatis, the area of the substrate
B indicated by 'C2’ in FIG. 20 may be the portion of the
substrate B in close contact with the outer surface of the
coating roll R from the point at which the coating material
coating device 22 starts applying the coating material S
to the left end of the coating roll R.

[0150] Additionally, the coating thickness measure-
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ment module 100 may move in at least one direction of
the horizontal direction or the vertical direction of the coat-
ing roll R and fix the location to measure the thickness
of the coating material S applied to the portion of the
substrate B in direct contact with the outer surface of the
coating roll R among the entire area of the substrate B.
[0151] Accordingly, the coating thickness measure-
mentmodule 100 may measure the thickness of the coat-
ing material S more accurately at the thickness meas-
urement location with further minimized shake of the sub-
strate B.

[0152] In the coating thickness measuring device 12
according to this embodiment, the coating thickness
measurementmodule 100 may be configured to measure
the thickness of the coating material S applied to the por-
tion of the substrate B located on the center line of the
coating roll R as shown in FIG. 21.

[0153] More specifically, as shown in (a) of FIG. 21,
when it is located at the lower side on the basis of the
horizontal center line L2 of the coating roll R, the coating
thickness measurement module 100 may measure the
thickness of the coating material S applied to the portion
A2 (the left end of the coating roll R) of the substrate B
located on the horizontal center line L2 of the coating roll
R.

[0154] In this instance, when it is located at the lower
side on the basis of the horizontal center line L2 of the
coating roll R, the light applying unit 110 may apply light
to the surface of the coating material S applied to the
portion A2 of the substrate B located on the horizontal
centerline L2 of the coating roll R, and the light acquisition
unit 120 may acquire light reflected from the surface of
the coating material S applied to the portion A2 of the
substrate B located on the horizontal center line L2 of
the coating roll R.

[0155] Alternatively, as shown in (b) of FIG. 21, when
itis located at the upper side on the basis of the horizontal
center line L2 of the coating roll R, the coating thickness
measurement module 100 may measure the thickness
of the coating material S applied to the portion A2 of the
substrate B located on the horizontal center line L2 of
the coating roll R.

[0156] In this instance, when it is located at the upper
side on the basis of the horizontal center line L2 of the
coating roll R, the light applying unit 110 may apply light
to the surface of the coating material S applied to the
portion A2 of the substrate B located on the horizontal
center line L2 of the coating roll R. Additionally, the light
acquisition unit 120 may acquire light reflected from the
surface of the coating material S applied to the portion
A2 of the substrate B located on the horizontal center
line L2 of the coating roll R.

[0157] Sincethe coating thickness measurement mod-
ule 100 may measure the thickness of the coating mate-
rial S applied to the portion of the substrate B located on
the center line of the coating roll R at which the degree
of bend of the substrate B rolled on the coating roll R is
minimum, it may be possible to measure the thickness
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of the coating material S more accurately.

[0158] Additionally, referring to (c) of FIG. 21, when it
is located on the center line of the coating roll R (for ex-
ample, the horizontal center line L2), the coating thick-
ness measurement module 100 may be configured to
measure the thickness of the coating material S applied
to the portion of the substrate B located on the center
line of the coating roll R (for example, the portion A2 of
the substrate B located on the horizontal center line L2
of the coating roll R).

[0159] In this case, the coating thickness measure-
ment module 100 may not only measure the thickness
of the coating material S applied to the portion of the
substrate B located on the center line of the coating roll
R at which the degree of bend of the substrate B rolled
on the coating roll R is minimum, but also minimize the
incident angle of light applied to the surface of the coating
material S and the reflection angle of light reflected from
the surface of the coating material S, thereby measuring
the thickness of the coating material S more accurately.
[0160] By the coating device 2 according to this em-
bodiment, when the coating material coating device 22
is located under the coating roll R, it may be also possible
to improve the thickness measurement accuracy of the
coating material S applied to the substrate B, thereby
making various types of coating devices depending on
the work environment. That is, when the work environ-
ment is narrow, the coating material coating device 22
may be disposed under the coating roll R, thereby achiev-
ing more compact design of the coating device.

[0161] While the present disclosure has been herein-
above described with regard to a limited number of em-
bodiments and drawings, the present disclosure is not
limited thereto and itis apparent that a variety of changes
and modifications may be made by those skilled in the
art within the technical aspect of the present disclosure
and the scope of the appended claims and their equiva-
lents.

[0162] The terms indicating directions such as upper,
lower, left, right, front and rear are used for convenience
of description, but it is obvious to those skilled in the art
that the terms may change depending on the position of
the stated element or an observer.

Claims

1. A coating thickness measuring device configured to
measure a thickness of a coating material applied to
a substrate which is fed by a coating roll on which
the substrate is rolled, the coating thickness meas-
uring device comprising:

a coating thickness measurement module,
wherein the coating thickness measurement

module includes:

a light applying unit configured to apply light
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to a surface of the coating material applied
to a portion of the substrate rolled on the
coating roll;

a light acquisition unit configured to acquire
lightreflected from the surface of the coating
material; and

a processor configured to calculate the
thickness of the coating material based on
the acquired light.

The coating thickness measuring device according
to claim 1, wherein the coating thickness measure-
ment module is configured to move in 3-axis direc-
tions of the coating roll to apply the light to the portion
of the substrate rolled on the coating roll.

The coating thickness measuring device according
to claim 1, wherein the coating thickness measure-
ment module is configured to measure the thickness
of the coating material applied to a portion of the
substrate contacting an outer surface of the coating
roll.

The coating thickness measuring device according
to claim 3, wherein the coating thickness measure-
ment module is configured to measure the thickness
of the coating material applied to an end portion at
which the contact between the substrate and the
coating roll is maintained in the portion of the sub-
strate rolled on the coating roll.

The coating thickness measuring device according
to claim 4, wherein the coating thickness measure-
ment module is configured to measure the thickness
of the coating material while it is located on a center
line of the coating roll passing through the end portion
at which the contact between the substrate and the
coating roll is maintained.

The coating thickness measuring device according
to claim 1, wherein a plurality of the coating thickness
measurement modules is arranged in a lengthwise
direction of the coating roll, and

wherein a distance between the plurality of coating
thickness measurement modules is adjustable.

The coating thickness measuring device according
to claim 1, further comprising:

a position movement module configured to move the
coating thickness measurement module with respect
to the coating roll.

The coating thickness measuring device according
to claim 7, wherein the position movement module
is coupled to a coating material coating device which
applies the coating material to the substrate, and

wherein the coating thickness measurement module
is disposed in the position movement module and
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10.

1.

12.

13.

14.

24

configured to move to the portion of the substrate
rolled on the coating roll.

The coating thickness measuring device according
to claim 7, wherein the position movement module
includes:

a first position movement unit configured to
move the coating thickness measurement mod-
ule in a lengthwise direction of the coating roll;
and

a guide unit configured to guide the movement
of the first position movement unit in the length-
wise direction of the coating roll.

The coating thickness measuring device according
to claim 9, wherein the guide unit is coupled to a
coating material coating device which applies the
coating material to the substrate.

The coating thickness measuring device according
to claim 9, wherein the position movement module
further includes:

a second position movement unit coupled to one
side of the first position movement unit and con-
figured to move the coating thickness measure-
ment module in at least one direction of a hori-
zontal direction or a vertical direction of the coat-
ing roll perpendicular to a lengthwise direction
of the coating roll, and

wherein the coating thickness measurement
module measures the thickness of the coating
material applied to the substrate at a location to
which the coating thickness measurement mod-
ule is moved by the second position movement
unit.

The coating thickness measuring device according
to claim 11, wherein the position movement module
further includes:

a rotation actuation unit to rotate the coating thick-
ness measurement module in a clockwise or coun-
terclockwise direction.

The coating thickness measuring device according
to claim 1, further comprising:

a temperature measurement module configured to
measure a temperature change of the coating roll at
a location of the coating roll on which the substrate
is rolled.

The coating thickness measuring device according
to claim 8, further comprising:

a coating roll rotation detection module coupled
to an end of the coating material coating device
adj acent to the coating roll and configured to
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detect one revolution the coating roll; and
a vibration measurement module configured to
measure roundness of the coating roll.

15. The coating thickness measuring device according %
to claim 1, wherein the processor is configured to
correct the thickness of the coating material applied

to the substrate using the measurement data ac-

quired from the coating thickness measuring device.
10

16. A coating device comprising:

the coating thickness measuring device accord-

ing to any one of claims 1 to 15; and

a coating material coating device configured to 75
apply the coating material to the substrate which

is fed by the coating roll on which the substrate

is rolled.
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